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APPLICATION OF DIFFERENT ISOLATION SCHEMES FOR LOGIC AND 

EMBEDDED MEMORY 

Field of the Invention 

The present invention relates generally to the field of semiconductor 
devices, and more particularly, to different isolation schemes for logic and 
embedded memory in semiconductor devices. 

Background of the Invention 

Electronic devices typically include a number of individual components 
such as memory, logic, and the like. In the past, these individual components 
have been formed on separate die or chips. These separate chips were 
packaged separately and attached to one or more circuit boards of the electronic 
device. The circuit board contained the necessary interconnects to attain desired 
functionality from the individual components. As a result, the electronic device as 
a whole operated according to the individual components formed and 
interconnected via one or more circuit boards and electronic connections. 

One problem with utilizing individual components packaged separately is 
that great/substantial reductions in die or component sizes do not always yield 
the same reduction in component size due to the fact that packaging and 
interconnects do not generally reduce in proportion. Thus, desired 
scaling/shrinking, which is a continuing demand for electronic devices, may not 
be obtained despite reduction in die sizes. 

One potential solution is to combine multiple components onto a single 
die. Thus, for example, logic can be combined with embedded memory on a 
single die. The necessary interconnects between the logic and the embedded 
memory are formed within/on the die thereby reducing the need for interconnects 
on a circuit board, separate packaging, heatsinks, and the like. Additionally, 
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performance gains can be achieved by reducing transmission path lengths and 
the like between components. 

However, some desired space savings can be lost by combining multiple 
components onto a single die. Fabrication procedures employed for multiple 
5 components may not be as well suited as procedures employed for single, 

specific components. As a result, in some instances at least a portion of one or 
more components may be fabricated to a relatively larger size than would 
otherwise be done. 

10 Summary of the Invention 

The following presents a simplified summary in order to provide a basic 
understanding of one or more aspects of the invention. This summary is not an 
extensive overview of the invention, and is neither intended to identify key or 
critical elements of the invention, nor to delineate the scope thereof. Rather, the 
15 primary purpose of the summary is to present some concepts of the invention in 

a simplified form as a prelude to the more detailed description that is presented 
later. 

The present invention facilitates semiconductor device fabrication by 
providing mechanisms for utilizing different isolation schemes within embedded 

20 memory and other logic portions of a device. The isolation performance of the 

embedded memory portion is improved relative to other portions of the device by 
increasing dopant concentration within well regions therein. As a result, smaller 
(n+-p+) isolation spacing can be employed thereby permitting a more compact 
design. The isolation in the logic portion uses lower doping/concentration than 

25 that of the embedded memory portion, which permits lower capacitance and 

therefore greater operational speed within the logic. Thus, reduced spacing is 
achieved within the memory portion without negatively impacting device 
performance within the logic portions of the die. 
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A number of suitable methods are employed to achieve the different 
isolation schemes. One method utilizes additional pattern levels to perform a 
supplemental isolation implant within the embedded memory portion. Another 
uses pattern levels that are already utilized in the process flow to fabricate high- 
threshold-voltage transistors to also perform supplemental isolation implants 
within the embedded memory portion. Yet another employs additional pattern 
levels to allow for distinct isolation implants in the logic and memory portions, 
with the implants in the memory portion being relatively shallower than those in 
the logic. 

To the accomplishment of the foregoing and related ends, the invention 
comprises the features hereinafter fully described and particularly pointed out in 
the claims. The following description and the annexed drawings set forth in detail 
certain illustrative aspects and implementations of the invention. These are 
indicative, however, of but a few of the various ways in which the principles of the 
invention may be employed. Other objects, advantages and novel features of the 
invention will become apparent from the following detailed description of the 
invention when considered in conjunction with the drawings. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a semiconductor device comprising 
embedded memory in accordance with an aspect of the present invention. 

FIG. 2 is a diagram illustrating exemplary n+-p+ isolation spacing for a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 3 is a flow diagram illustrating a method of fabricating a 
semiconductor device with a higher channel stop in accordance with an aspect of 
the present invention. 

FIG. 4 is a plan view of a semiconductor device and associated resist 
patterns in accordance with an aspect of the present invention. 
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FIG. 5 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 6 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 
5 FIG. 7 is a cross sectional diagram illustrating a stage of fabrication of a 

semiconductor device in accordance with an aspect of the present invention. 

FIG. 8 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 9 is a flow diagram illustrating a method of fabricating a 
10 semiconductor device with a higher channel stop utilizing existing pattern levels 

originally employed for threshold-adjust channel implants in accordance with an 
aspect of the present invention. 

FIG. 10 is a plan view of a semiconductor device and associated resist 
patterns in accordance with an aspect of the present invention. 
15 FIG. 1 1 is a cross sectional diagram illustrating a stage of fabrication of a 

semiconductor device in accordance with an aspect of the present invention. 

FIG. 12 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 13 is a cross sectional diagram illustrating a stage of fabrication of a 
20 semiconductor device in accordance with an aspect of the present invention. 

FIG. 14 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 15 is a flow diagram illustrating a method of fabricating a 
semiconductor device with a higher channel stop utilizing existing pattern levels 
25 employed for threshold-adjust pocket implants in accordance with an aspect of 

the present invention. 

FIG. 16 is a plan view of a semiconductor device and associated resist 
patterns in accordance with an aspect of the present invention. 
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FIG. 17 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 18 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 19 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 20 is a cross sectional diagram illustrating a stage of fabrication of a 
semiconductor device in accordance with an aspect of the present invention. 

FIG. 21 is a flow diagram illustrating a method of fabricating a 
semiconductor device, wherein isolation implants are shallower within the 
memory portion within the device in accordance with an aspect of the present 
invention. 

FIG. 22 is a cross sectional diagram illustrating deep implants in a core 
logic portion of a semiconductor device in accordance with an aspect of the 
present invention. 

FIG. 23 is a cross sectional diagram illustrating relatively shallow implants 
in a memory portion of a semiconductor device in accordance with an aspect of 
the present invention. 

FIG. 24 is a cross sectional diagram illustrating deep implants in a core 
logic portion of a semiconductor device in accordance with an aspect of the 
present invention. 

FIG. 25 is a cross sectional diagram illustrating relatively very shallow 
implants in a memory portion of a semiconductor device in accordance with an 
aspect of the present invention. 

FIG. 26 is a plan view schematic diagram of memory cells with butted 
contacts to the relatively very shallow N-well. 

FIG. 27 is a graph illustrating a dopant profile for an n-well within a logic 
region in accordance with an aspect of the present invention. 
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FIG. 28 is a graph illustrating a dopant profile for an p-well within a logic 
region in accordance with an aspect of the present invention. 

FIG. 29 is a graph illustrating a dopant profile for an n-well within an 
embedded memory array in accordance with an aspect of the present invention. 
5 FIG. 30 is a graph illustrating a dopant profile for a p-well within an 

embedded memory array in accordance with an aspect of the present invention. 

FIG. 31 is a graph illustrating a shallow dopant profile for an n-well within 
an embedded memory array in accordance with an aspect of the present 
invention. 

10 FIG. 32 is a graph illustrating a shallow dopant profile for a p-well within an 

embedded memory array in accordance with an aspect of the present invention. 

Detailed Description of the Invention 

15 The present invention will now be described with respect to the 

accompanying drawings in which like numbered elements represent like parts. 
The figures provided herewith and the accompanying description of the figures 
are merely provided for illustrative purposes. One of ordinary skill in the art 
should realize, based on the instant description, other implementations and 

20 methods for fabricating the devices and structures illustrated in the figures and in 

the following description. 

The present invention provides systems and methods that can reduce 
dimensions and area consumption of semiconductor devices by facilitating tighter 
spacing for an embedded memory portion of a semiconductor device. In 

25 conventional devices that include embedded memory, the same isolation doping 

profiles are employed for the embedded memory and logic portions of the device, 
limiting the extent to which memory n+-p+ isolation spacings (across well 
boundaries) can be reduced. However, the inventors of the present invention 
appreciate that often, embedded memory does not require the same speed of 
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operation as logic and/or the requirement for small memory size is more 
important than memory speed. As a result, the embedded memory portion can 
therefore employ different doping profiles to achieve relatively tighter isolation 
spacing. Accordingly, the present invention employs different isolation doping 
5 profiles for the embedded memory portion that facilitates device shrinkage. The 

term isolation doping profile refers to those portions of the doping profile that 
affect the isolation performance and comprises varied concentrations throughout 
a depth of a well. Likewise, the term isolation implants refers to those implants 
that contribute to these portions of the doping profile. In most cases, the isolation 

10 doping profile would be the deeper portions of the profile below the source and 

drain and the implants contributing to these portions would be principally the 
channel-stop and well implants. 

Beginning with FIG. 1, a block diagram of a semiconductor device 100 
comprising embedded memory in accordance with an aspect of the present 

15 invention is depicted. The device 100 presented and discussed is merely 

exemplary of devices that can be fabricated in accordance with the present 
invention. The device 100 is formed within and/or on a semiconductor substrate. 

The device 100 includes an embedded memory array 102, high threshold 
voltage logic 104, and logic 106 and is formed in/on a semiconductor material or 

20 wafer. It is appreciated that the present invention includes variations in which the 

device 100 does not include high threshold voltage logic 104. Although not 
shown, the device 100 can include other components, including other embedded 
memory arrays, which may differ from the memory array 102 in memory type or 
in speed and size requirements. For example, these other memory arrays may 

25 be intended for high-speed operation and their size may be relatively less 

important. Unlike similar conventional devices, the embedded memory array 102 
and the logic 106 are formed with different isolation mechanisms in order to 
increase density and decrease the overall size of the semiconductor device 100. 
Generally, the memory array 102 employs an isolation mechanism comprising 
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relatively narrower isolation regions between active regions across well regions 
of differing type, and higher dopant concentrations within the well regions, than 
the isolation mechanism employed by the logic 106. The isolation mechanism of 
the memory array 102 permits a greater density for transistors within the 
5 memory array than would otherwise be achieved by employing the isolation 

mechanism employed for the logic 106. 

Smaller n+-p+ isolation spacing requires more aggressive (e.g., relatively 
higher dopant concentration and/or shallower) isolation doping profiles. These 
profiles typically produce relatively higher junction capacitance, which reduces 

10 operating speed. As a result, there is a trade-off between how small the isolation 

spacing is and how fast a circuit using that isolation spacing may operate. 

The logic 106 and the memory array 102 have differing junction 
capacitance requirements. Generally, the logic 106 is required to operate at 
relatively high speeds, which necessitate relatively low junction capacitance. The 

1 5 memory array 1 02, on the other hand, may be able to tolerate higher junction 

capacitance. This may be, for example, because the memory array 102 is not 
required to operate at relatively high speeds, or because the requirement for 
small memory cell size is more important than that for speed. Thus, isolation 
schemes using shallower or higher-concentration doping profiles, such as 

20 employed for the memory array 1 02, increase the junction capacitance in the 
memory array. However, because the acceptable junction capacitance for the 
memory array 102 may be higher than that required for the logic 106, the 
memory array 102 can tolerate such aggressive doping profiles and still perform 
acceptably. The high threshold-voltage logic 104, in those aspects of the 

25 invention where it is present, typically has lower speed requirements than the 

logic 106, and can therefore tolerate high junction capacitance similar to that of 
the memory array 102. 

Conventionally, the same isolation implants where used for logic and 
embedded memory arrays. This resulted in either a relatively larger memory cell 
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size to keep the logic capacitance low, or a relatively larger logic junction 
capacitance to support a relatively smaller memory cell, or both. 

Unlike conventional devices, the logic 106 and the memory array 102 
utilize different isolation implants as stated above. The logic 106 employs less 
5 aggressive dopant profiles to achieve low junction capacitance and high speed at 

the expense of relatively large n+-p+ isolation spacing, whereas the memory 
array 1 02 employs more aggressive dopant profiles in order to reduce the 
isolation spacing and reduce/conserve area. Some exemplary dopant profiles 
are shown in FIGS. 27-32 and described infra. 

10 The distinct isolation mechanisms employed for the logic 106 and the 

memory array 102 can be formed or fabricated in a number of suitable ways. 
Shallow trench isolation (STI) regions of different widths can be formed by 
etching trenches to the differing widths and filling/depositing with a dielectric such 
as oxide according to one or more suitable fabrication procedures. The different 

15 resulting dopant concentrations can be achieved by implanting dopants for the 

logic 106 and the memory array 102 in separate procedures/processes and/or by 
performing a first implant for the logic 106 and the memory array 102 followed by 
a supplemental isolation/well implant for only the memory array 102. In those 
aspects of the invention where the high-threshold voltage logic 104 is present, n- 

20 well and/or p-well areas associated with the high voltage threshold logic 104 and 

the memory array 102 are exposed for stand-alone and/or supplemental 
implants. The n-well region, p-well region, or both can receive stand-alone 
and/or supplemental implants depending on the trade-off between junction 
capacitance and isolation spacing for each polarity. Finally, the memory well 

25 regions to be exposed for stand-alone and/or supplemental isolation/well 

implants may be exposed using additional resist pattern levels or resist pattern 
levels already present in the process flow. Additional resist pattern levels are 
pattern levels that would not exist in the process flow if isolation/well implants 
were the same in all regions of the chip. Resist pattern levels already present in 
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the process flow are any pattern levels that would exist in the process flow even 
if isolation/well implants were the same in all regions of the chip. 

FIG. 2 illustrates exemplary n+-p+ isolation spacing for a device in 
accordance with an aspect of the present invention. This FIG. 2 is provided for 
5 illustrative purposes and is not intended to limit the present invention to particular 

sizes, dimensions, configurations, and the like. Generally, elements (e.g., 
transistors and the like) formed within/on a semiconductor device are at least 
partially isolated from each other by isolation regions. These regions prevent or 
mitigate effects of one element or component from affecting another. FIG. 2 

10 shows a common type of isolation region referred to as a shallow trench isolation 

(STI) region. For a logic portion of the device, STI regions are illustrated with a 
logic n+-p+ isolation spacing 202. Similarly, for a memory array portion, STI 
regions 208 are depicted with a memory n+-p+ isolation spacing 204. From FIG. 
2, it can be seen that the logic isolation spacing 202 is relatively larger than the 

15 memory isolation spacing 204. Actual values of n+-p+ isolation spacings 

depend on many factors, such as the year and technology node. However, 
exemplary values at some given time may be 300nm for the logic and 200nm for 
the memory array. 

Returning now to FIG. 1 , the different isolation spacing for the logic 106 

20 and the memory array 102 can be achieved by any number of suitable 

techniques. A first technique is to employ additional pattern levels or masks in 
order to form the isolation regions distinctly. Conventionally, the isolation regions 
were formed via a single set of pattern levels that forms substantially similar 
spaced isolation regions within logic and memory regions. Employing additional 

25 pattern levels facilitates forming different isolation regions but can increase cost 

of production/fabrication as a result of the added pattern levels. A second 
technique is to employ existing pattern levels already used in that technology for 
other purposes (e.g., for high threshold voltage patterns). The advantage of this 
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technique is that additional pattern levels and processing steps can, at least 
partly, be avoided. 

FIG. 3 is a flow diagram illustrating a method 300 of fabricating a 
semiconductor device with a higher channel-stop or well dose (distinct isolation 
5 mechanism) for a memory array portion of the device than a logic portion of the 

device by employing additional pattern levels in accordance with an aspect of the 
present invention. The semiconductor device includes an embedded memory 
portion and a logic portion. The method 300 is provided as an exemplary method 
in which to utilize different isolation schemes for the embedded memory and the 

10 logic portions on the device in accordance with the present invention. The 

method 300 is further described with respect to FIGS. 4-9 so as to further 
illustrate the method 300. However, it is appreciated that variations in structure 
from FIGS. 4-9 are permitted in accordance with the present invention. 

FIG. 4 is a plan view of the device and additional resist patterns of FIG. 3 

15 in accordance with an aspect of the present invention. A top view 401 of the 

device illustrates the embedded memory portion 404 and the logic portion 406 
(other areas of the device). A supplemental n-well resist layer 402 and a 
supplemental p-well resist layer 403 are also shown. These layers are employed 
and described further below. 

20 The method 300 begins at block 302 where a p-well implant is performed 

for both the logic and embedded memory portions by selectively implanting one 
or more p-type dopants (e.g., boron) at selected doses, angles, and energies. As 
a result, p-well regions are selectively formed within a semiconductor substrate 
with a selected/desired concentration and depth profile. FIG. 5 is a cross 

25 sectional diagram that depicts the device at this stage of fabrication in 

accordance with an aspect of the present invention. Shallow trench isolation 
(STI) layers 510 within the logic portion 406 and STI layers 512 within the 
embedded memory portion 404 are already present prior to the p-well regions 
formation in the present example. A first patterned resist layer 514 is employed 
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to define p-well regions in the substrate, and one or more p-type implants 516 
are performed to form p-well regions 508 throughout the device in both the logic 
portion 406 and the embedded memory portion 404. These implants may 
include a relatively deep well implant, a shallower channel-stop implant, a still 
shallower punch-through implant, and a still shallower channel implant. 
Subsequent to the implant(s), the first resist layer 514 is removed from the 
device. 

Continuing at block 304,n-well areas are formed for both the logic and 
embedded memory regions by selectively implanting one or more n-type dopants 
(e.g., phosphorous or arsenic) at selected doses, angles, and energies. FIG. 6 
serves to illustrate the device at this stage of fabrication in accordance with an 
aspect of the present invention. A second resist layer 618 is employed to 
selectively implant one or more n-type dopants 620 into the device forming n-well 
regions 622 in both the logic portion 406 and the embedded memory portion 404. 
These implants may include a relatively deep well implant, a shallower channel- 
stop implant, a still shallower punch-through implant, and a still shallower 
channel implant. The second resist layer 618 prevents or mitigates the n-type 
dopant 620 from entering the p-well regions 508. Also, the second resist layer 
618 is removed from the device subsequent to the implant of block 304 of FIG. 3. 

At block 306, one or more supplemental implants are performed for the 
embedded memory regions by selectively implanting one or more p-type dopants 
into p-well regions within the memory portion. FIG. 7 is a cross sectional 
diagram that illustrates the device at this stage of fabrication in accordance with 
an aspect of the present invention. Here, one or more p-type dopants 724 are 
selectively implanted into p-well regions 726 of the embedded memory portion 
404 of the substrate. The p-well resist layer 403 is employed to define the one or 
more regions 726 for the implant. The implants may include a relatively deep 
supplemental well implant or a shallower supplemental channel-stop implant. 
The supplemental implants are performed with a dose and energy so as to 
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achieve a desired dopant concentration profile in the p-well regions 726. 
Exemplary concentrations with and without the supplemental implants are shown 
in FIGS. 27-32 and described infra. The resist layer 403 is removed after 
performing the implant 

One or more supplemental n-type dopants are implanted in the 
embedded memory regions at block 308 of FIG. 3. FIG. 8 is a cross sectional 
diagram that depicts the device at this stage of fabrication in accordance with an 
aspect of the present invention. Here, one or more n-type dopants 828 are 
selectively implanted into n-well regions 830 of the embedded memory portion 
404. The resist layer 402 is employed to define the region 830 for the implant. 
Additionally, the implant(s) are performed with a dose and energy so as to 
achieve a desired dopant concentration profile in the n-well regions 830. 
Exemplary concentrations with and without the supplemental implants are shown 
in FIGS. 27-32 and described infra. The resist layer 402 is removed after 
performing the implant. It is appreciated that the present invention includes 
variations of this method 300 wherein only one of the supplemental p-well and 
supplemental n-well implants is performed and does not require the blocks being 
performed in a specific order. Furthermore, the four blocks described supra 302, 
304, 306, and 308 can be performed in any suitable order. 

Continuing at block 310, standard processing is performed on the device. 
The standard processing includes forming gate structures, spacers, contacts, 
metal interconnects and vias, packaging, and the like in order to complete 
fabrication of the device. 

Still referring to FIG. 8, note that a spacing 831 between active regions in 
the well regions 726, 830 in the memory area 404 (as dictated by the STI 512) is 
substantially smaller than a spacing 832 in the logic portion 406 of the device. 
The substantially reduced spacing 831 is enabled because the well regions 726, 
830 are more heavily doped due to the supplemental implants (blocks 306 and 
308 of FIG. 3) therein. Accordingly, devices needing isolation from one another 
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within the memory array portion 404 can be spaced closer together, thereby 
improving packing density therein. 

FIG. 9 is a flow diagram illustrating a method 900 of fabricating a 
semiconductor device with a higher channel-stop or well dose (distinct isolation 
mechanism) for a memory array of the device than a logic portion by employing 
existing pattern levels used for threshold-adjust channel implants for high 
threshold-voltage transistors. The device includes an embedded memory 
portion, a core logic portion, and possibly a high-threshold-voltage logic portion. 
The embedded memory array utilizes high-threshold-voltage transistors. The 
embedded memory array may utilize high-threshold-voltage transistors in order 
to improved cell stability. A high-threshold voltage logic portion that exist outside 
the embedded memory array is not required for the method 900. 

The method 900 is provided as an exemplary method in which to utilize 
different isolation schemes for the embedded memory and the core logic portions 
on the device without employing additional pattern levels or procedures as is 
done with method 300 of FIG. 3. The method 900 performs supplemental 
isolation implants into the embedded memory after the resist patterns used for 
channel threshold-adjust implants for high-voltage transistors are formed and 
before they are removed, which eliminates the need for additional pattern levels. 
The method 900 is also described with respect to FIGS. 10-14 so as to further 
illustrate the method 900. However, it is appreciated that variations in structure 
from FIGS. 10-14 are contemplated and permitted in accordance with the present 
invention. 

FIG. 10 is a plan view of the device of FIG. 9 and high threshold voltage 
resist layers in accordance with an aspect of the present invention. A top view 
1001 of an exemplary device illustrates the embedded memory portion 1004, the 
core logic portion 1006, and the high threshold voltage logic portion 1008. A 
high-Vt n-well resist layer 1002 and a high-Vt p-well resist layer 1003 are also 
shown. These layers are employed and described further below. The method 
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900 begins at block 902 where p-well regions are formed for the core logic 
portion, high threshold voltage logic portion and embedded memory portion of 
the device by selectively implanting one or more p-type dopants into the 
substrate with selected doses, energies, and angles. FIG. 1 1 is a cross sectional 
5 diagram that depicts the device at this stage of fabrication in accordance with an 

aspect of the present invention. Shallow trench isolation (STI) regions 1 1 14 
within the core logic portion 1006, STI regions 1116 within the high threshold 
voltage logic portion, and STI regions 1118 within the embedded memory portion 
1004 are already formed in this example. A first patterned resist layer 1 120 is 

10 employed to selectively implant one or more p-type dopants 1 122 into and 

forming p-well regions 1 108, 1 1 10, and 1112, located respectively in the core 
logic portion 1006, the high threshold voltage logic portion 1008, and the 
embedded memory portion 1004. These implants may include a relatively deep 
well implant, a shallower channel-stop implant, a still shallower punch-through 

15 implant, and a still shallower channel implant. Subsequent to the implants, the 

first resist layer 1 120 is removed from the device. 

Continuing at block 904, n-well areas are formed for the core logic portion, 
high threshold voltage logic portion and embedded memory portion by selectively 
implanting one or more n-type dopants (e.g., phosphorous or arsenic) at selected 

20 doses, angles, and energies. FIG. 12 serves to illustrate the device at this stage 

of fabrication in accordance with an aspect of the present invention. A second 
patterned resist layer 1230 is employed to selectively implant one or more n-type 
dopants 1232 into and forming n-well regions 1224, 1226, and 1228 located 
respectively in the core logic portion 1006, the high threshold voltage logic 

25 portion 1008, and the embedded memory portion 1004. These implants may 

include a relatively deep well implant, a shallower channel-stop implant, a still 
shallower punch-through implant, and a still shallower channel implant. The 
second resist layer 1230 prevents or mitigates the dopant 1232 from implanting 
into the p-well regions (1108, 1110, and 1112). 

TI-35961 -15- 



Exemplary concentrations with and without the supplemental implants are 
shown in FIGS. 27-32 and described infra. 

At block 906, one or more supplemental isolation implants are performed 
into the high-Vt and embedded memory p-well regions. FIG. 13 illustrates the 
device at this stage of fabrication in accordance with an aspect of the present 
invention. As illustrated in FIG. 13, at this stage of the process, the high-Vt p- 
well resist layer 1003 is present and is used to selectively implant one or more p- 
type dopants in the high-Vt and memory p-well regions in order to raise the 
threshold voltage of transistors subsequently formed in these regions. In 
accordance with an aspect of the present invention, while this resist layer is still 
present, one or more p-type dopants 1334 are now implanted into p-wells 1110 
of the high-Vt logic portion 1008 and p-wells 1 1 12 of the embedded memory 
portion 1004 as supplemental isolation implants, thereby improving isolation. 
Exemplary concentrations with and without the supplemental implants are shown 
in FIGS. 27-32 and described infra. Unlike the method 300 of FIG. 3, this method 
900 does not require additional pattern levels because the supplemental implant 
is performed during the threshold voltage raising process sequence. 

Continuing at block 908, one or more supplemental isolation implants are 
performed into the high-Vt and embedded memory n-well regions. FIG. 14 
serves to illustrate the device at this stage of fabrication in accordance with an 
aspect of the present invention. As illustrated in FIG. 14, at this stage of the 
process, a high VT n-well resist layer 1002 is present. This layer is typically 
employed to selectively implant one or more n-type dopants into the high-Vt and 
memory n-well regions in order to raise the threshold voltage of transistors 
subsequently formed in these regions. In accordance with an aspect of the 
present invention, while this resist layer is still present, one or more p-type 
dopants 1436 are now implanted into n-wells 1226 of the high-Vt logic portion 
1008, and into n-wells 1228 of the embedded memory portion 1004 as 
supplemental isolation implants, thereby improving isolation. Again, unlike the 
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method 300 of FIG. 3, this method 900 does not require additional pattern levels 
because the supplemental implant is performed during the threshold voltage 
raising process sequence. Furthermore, it is appreciated that the present 
invention includes suitable variations of this method 900 wherein only some of 
the transistors in the memory array are high-threshold-voltage transistors, and/or 
wherein only one of the supplemental p-well and supplemental n-well implants is 
performed. Additionally, it is appreciated that the method 900 can be performed 
in any suitable order and can include additional processing steps. 

Standard processing is performed on the device at block 910 in order to 
complete fabrication of the device. The standard processing includes forming 
active regions, gate structures, spacers, contacts, metal interconnects and vias 
packaging, and the like in order to complete fabrication of the device. 

Note that, for FIG. 14, a spacing of the STI regions 1 1 18 for the memory 
portion 1004 is smaller than a spacing of the STI regions 1 1 14 for the core logic 
portion 1006. The reduced spacing is permitted because the well regions 1112 
and 1228 are more heavily doped due to the supplemental implants performed 
during the high threshold voltage implants. Accordingly, the packing density of 
the memory array 1004 can be improved. Additionally, note the reduced spacing 
is obtained without performing extra patterning operations, as is the case with the 
method 300 of FIG. 3. 

FIG. 15 is a flow diagram illustrating a method 1500 of fabricating a 
semiconductor device with a higher channel-stop or well dose for a memory array 
of the device by employing pattern levels already used for high threshold voltage 
pocket implants subsequent to gate formation. The device includes an 
embedded memory portion, a core logic portion, and a high-threshold-voltage 
logic portion. It is appreciated that, in alternate aspects of the invention, the high- 
threshold-voltage logic portion can be absent from the device. The embedded 
memory array utilizes at least some high-threshold-voltage transistors. However, 
the method 1500 does not require that a high-threshold voltage logic portion exist 
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outside the memory array. The method 1500 is provided as an exemplary 
method in which to utilize different isolation schemes for the embedded memory 
and the core logic portions on the device without employing additional pattern 
levels or procedures. The method 1500 performs supplemental isolation 
implants into the embedded memory during the same process steps employed in 
forming the high threshold voltage transistors via pocket implants. The method 
1 500 is also described with respect to FIGS. 16-20 so as to further illustrate the 
method 1500. However, it is appreciated that variations in structure from FIGS. 
16-20 are permitted in accordance with the present invention. 

A pocket implant, also referred to as a halo implant, is a technique 
employed to reduce sensitivity of the performance of a transistor to 
characteristics such as gate length. Generally, the pocket implant surrounds 
source and drain regions and thus reduces punch-through leakage. The pocket 
implant is typically defined by its peak concentration depth and the amount of 
gate underlap controlled by an implant angle. 

FIG. 16 is a plan view of the device of FIG. 15 and high threshold voltage 
pocket implant resist layers in accordance with an aspect of the present 
invention. A top view 1601 of the device illustrates the embedded memory 
portion 1604, the core logic portion 1606, and the high threshold voltage logic 
portion 1608. A high-Vt n-well resist layer 1602 and a high-Vt p-well resist layer 
1603 employable in threshold adjustment pocket implants are also shown. 
These layers are employed and described further below. 

The method 1500 begins at block 1502 where p-wells are formed for the 
core logic portion, high threshold voltage logic portion and embedded memory 
portion. FIG. 1 7 is a cross sectional diagram that depicts the device at this stage 
of fabrication in accordance with an aspect of the present invention. Shallow 
trench isolation (STI) regions 1714 within the core logic portion 1606, STI regions 
1716 within the high threshold voltage logic portion, and STI regions 1718 within 
the embedded memory portion 1604 are already formed. A first patterned resist 
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layer 1720 is employed to selectively implant one or more p-type dopants 1722 to 
form p-well regions 1708, 1710, and 1712, located respectively in the core logic 
portion 1606, the high threshold voltage logic portion 1608, and the embedded 
memory portion 1604. These implants may include a relatively deep well 
implant, a shallower channel-stop implant, a still shallower punch-through 
implant, and a still shallower channel implant. Subsequent to the implant, the 
first resist layer 1720 is removed from the device. 

Continuing at block 1504, n-wells are formed for the core logic portion, 
high threshold voltage logic portion and embedded memory portion. FIG. 18 
serves to illustrate the device at this stage of fabrication in accordance with an 
aspect of the present invention. A second patterned resist layer 1830 is 
employed to selectively implant one or more n-type dopants 1832 to and form n- 
well regions 1824, 1826, and 1828 located respectively in the core logic portion 
1606, the high threshold voltage logic portion 1608, and the embedded memory 
portion 1604. These implants may include a relatively deep well implant, a 
shallower channel-stop implant, a still shallower punch-through implant, and a 
still shallower channel implant. The second resist layer 1830 prevents or 
mitigates the dopant 1832 from implanting into the p-well regions (1708, 1710, 
and 1712). Subsequent to the implant, the second resist layer 1830 is removed 
from the device. 

Gate structures are formed within the various n-well and p-well regions at 
block 1506. A series of semiconductor fabrication processes including depositing 
and patterning are employed to form the gate structure. 

At block 1508, one or more supplemental isolation implants are performed 
into the high-Vt and embedded memory p-well regions. FIG. 19 illustrates the 
device at this stage of fabrication in accordance with an aspect of the present 
invention. As illustrated in FIG. 19, at this stage of the process, a high-Vt p-well 
resist layer 1603 is present. This layer is typically used to selectively implant one 
or more p-type dopants in the high-Vt and memory p-well regions as pocket 
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implants in order to raise the threshold voltage of transistors in these regions. In 
accordance with an aspect of the present invention, while this resist layer is still 
present, one or more p-type dopants 1936 are now implanted into p-wells 1710 
of the high-Vt logic portion 1608 and p-wells 1712 of the embedded memory 
portion 1604 as supplemental isolation implants, thereby improving isolation. 

Continuing at block 1510, one or more supplemental isolation implants are 
performed into the high-Vt and embedded memory n-well regions. FIG. 20 
serves to illustrate the device at this stage of fabrication in accordance with an 
aspect of the present invention. As illustrated in FIG. 20, at this stage of the 
process, a high VT n-well resist layer 1602 is present. This layer is typically 
employed to selectively implant one or more n-type dopants into the high-Vt and 
memory n-well regions as pocket implants in order to raise the threshold voltage 
of transistors in these regions. In accordance with an aspect of the present 
invention, while this resist layer is still present, one or more p-type dopants 2040 
are now implanted into n-wells 1826 of the high-Vt logic portion 1608, and into n- 
wells 1828 of the embedded memory portion 1604 as supplemental isolation 
implants, thereby improving isolation. Again, unlike the method 300 of FIG. 3, 
this method 1500 does not require additional pattern levels because the 
supplemental implant is performed during the threshold voltage raising process 
sequence. Furthermore, it is appreciated that the present invention includes 
variations of this method 1500 wherein only one of the supplemental p-well and 
supplemental n-well implants is performed, and wherein the blocks 1502 and 
1504 are performed in any suitable order, and the two blocks 1508 and 1510 are 
performed in any suitable order. Standard processing is performed on the device 
at block 1512 in order to complete fabrication of the device. The standard 
processing includes forming active regions, gate structures, spacers, contacts, 
metal interconnects and vias, packaging, and the like in order to complete 
fabrication of the device. 
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Turning now to FIG. 21, a flow diagram illustrating a method 2100 of 
fabricating a semiconductor device wherein well/isolation implants are shallower 
within a memory portion of the device than within a core logic portion of the 
device. The shallower implants can yield improved isolation and tighter n+-p+ 
spacing for the memory portion of the device by making the isolation 
performance more immune to misalignment. 

As described previously, n-well and p-well regions are typically separated 
in semiconductor devices by shallow trench isolation (STI) regions. The bottoms 
of these STI regions are generally narrow. As a result, if a deep isolation/well 
implant is misaligned by even a relatively small amount, the implant will cross 
over into semiconductor material on an opposite side of the STI region, thereby 
degrading isolation. However, if the isolation/well implant is relatively shallow, 
relatively larger misalignments can occur without substantial isolation 
degradation due to the wider extent of the STI region at the shallower depth. A 
drawback of the shallow well/isolation implant is that it increases junction 
capacitance. However, this increase in junction capacitance can be acceptable 
for the memory regions of devices. 

The method 2100 begins at block 2102 wherein one or more implants are 
performed to form a plurality of n-wells to a first depth in the core logic portion of 
the device. These implants may include a relatively deep well implant, a 
shallower channel-stop implant, a still shallower punch-through implant, and a 
still shallower channel implant. The first depth is determined primarily by the 
deeper implants, including the well and/or channel-stop implants. A set of doses 
and energies are selected and utilized to achieve the desired depth and desired 
concentration profile. Then, one or more implants are performed to form a 
plurality of p-wells to a second depth in the core logic portion of the device. The 
second depth can be comparable to the first depth, but is not necessarily so. For 
the memory portion of the device, one or more implants are performed at block 
2106 to form a plurality of n-wells to a third depth in the memory portion . 

TI-35961 -21- 



Continuing, a p-well implant is performed at block 2108 to a fourth depth in the 
memory portion. The order and number of resist layers and masks employed to 
perform the above blocks can vary and still be in accordance with the present 
invention. 

At block 2110, standard processing is performed on the semiconductor 
device in order to complete fabrication of the device. The standard processing 
includes forming active regions, gate structures, spacers, contacts, metal 
interconnects and vias, packaging, and the like in order to complete fabrication of 
the device. 

FIGS. 22-26 presented below serve to further illustrate the method 2100 of 
FIG. 21 by depicting examples of devices fabricated by the method 2100 and 
variations thereof. FIG. 22 is a cross sectional diagram illustrating deep implants 
in a core logic portion of a semiconductor device 2200 in accordance with an 
aspect of the present invention. The device 2200 is depicted with an n-well 
region 2202, a p-well region 2204 and an STI region 2206. The n-well region 
2202 and the p-well region 2204 have a greater depth than that of the STI region 
2206. As a result, misalignment in performing the n-well and/or p-well implants 
can result in degrading isolation of the respective regions. FIG. 23 is another 
cross sectional diagram illustrating shallow implants in the memory portion of a 
semiconductor device 2300 in accordance with an aspect of the present 
invention. The device 2300 includes a p-well region 2302, an n-well region 2304, 
and a STI region 2306. In this example, the p-well region 2302 and the n-well 
region 2304 are relatively shallower than the regions in FIG. 22. As a result, 
relatively larger implant misalignments (e.g., due to poor resist alignment) can 
occur without impacting isolation of the respective regions. 

FIG. 24 is a cross sectional diagram illustrating deep implants in a core 
logic portion of a semiconductor device 2400 in accordance with an aspect of the 
present invention. The device 2400 is depicted with an n-well region 2402, a p- 
well region 2404 and an STI region 2406. The n-well region 2402 and the p-well 
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region 2204 have a greater depth than that of the STI region 2406. FIG. 25 is 
another cross sectional diagram illustrating very shallow implants in the memory 
portion of a semiconductor device 2500 in accordance with an aspect of the 
present invention. The device 2500 also includes a p-well region 2502, an n-well 
region 2504, and a STI region 2506. In contrast to the regions of FIG. 24, the p- 
well region 2502 and the n-well region 2504 do not have a greater depth that the 
STI region 2506, in this example. In fact, the p-well region 2502 and the n-well 
region 2504 have a depth such that they are adjacent to a relatively thick portion 
of the STI region 2506. As a result, relatively much larger implant misalignments 
can occur without impacting isolation of the respective regions. 

One potential problem with shallow implant/well regions described above 
is that different active regions that would have been located within a single 
shared deep well may no longer share a common well, each having its own local 
well instead. For such cases, it may be necessary to connect each local well to 
the desired potential using a butted contact. FIG. 26 is a diagram illustrating an 
example of a suitable topology 2600 for a memory portion of a device in 
accordance with an aspect of the present invention. The topology 2600 includes 
active regions 2602, polysilicon layers 2604, n-well pattern 2606 and butted 
contacts 2608. Respective active regions 2602 are shown containing butted 
contacts 2608, which connect to the underlying local n-wells. 

It is appreciated that other suitable arrangements and topologies can be 
employed in be in accordance with the present invention. 

While, for purposes of simplicity of explanation, the methodologies 
described supra are depicted and described as executing serially, it is to be 
understood and appreciated that the present invention is not limited by the 
illustrated order, as some aspects could, in accordance with the present 
invention, occur in different orders and/or concurrently with other aspects from 
that depicted and described herein. Moreover, not all illustrated features may be 
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required to implement a methodology in accordance with an aspect the present 
invention. 

FIGS. 27-32, discussed infra, are provided to illustrate exemplary suitable 
dopant profiles that can be employed with the methodologies described supra. It 
is noted that other suitable dopant profiles can be employed in accordance with 
the present invention. Such dopant profiles can be employed for a device that 
comprises at least a logic portion and an embedded memory portion, as 
described previously. 

Beginning with FIG. 27, a graph illustrating a dopant profile for an n-well in 
a logic region in accordance with an aspect of the present invention is shown. 
An x-axis depicts depth form a well surface and a y-axis depicts dopant 
concentration. It can be seen that the dopant concentration varies throughout 
the depth. FIG. 28 is a graph illustrating a dopant profile for a p-well within a 
logic region in accordance with an aspect of the present invention. Again, an x- 
axis depicts depth form a well surface and a y-axis depicts dopant concentration. 
It can be seen that the dopant concentration also varies throughout the depth. 

FIG. 29 is a graph illustrating a dopant profile for for an n-well within an 
embedded memory array in accordance with an aspect of the present invention. 
An x-axis depicts depth form a well surface and a y-axis depicts dopant 
concentration. Compared with the n-well within the logic region, the n-well within 
the embedded memory has a relatively higher concentration. Turning to FIG. 30, 
a graph illustrating a dopant profile for for a p-well within an embedded memory 
array in accordance with an aspect of the present invention is shown. An x-axis 
depicts depth form a well surface and a y-axis depicts dopant concentration. 
Compared with the p-well within the logic region, the p-well within the embedded 
memory has a relatively higher concentration. The higher dopant concentrations 
shown in the embedded memory array result in a higher junction capacitance for 
those regions. However, the relatively higher dopant concentrations permit 
tighter isolation spacing within the embedded memory array. 
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FIG. 31 is a graph illustrating a shallow dopant profile for for an n-well 
within an embedded memory array in accordance with an aspect of the present 
invention. An x-axis depicts depth form a well surface and a y-axis depicts 
dopant concentration. Compared with the n-well within the logic region, the n- 
5 well within the embedded memory has a relatively higher concentration and is 

substantially shallower. Turning to FIG. 32, a graph illustrating a shallow dopant 
profile for for a p-well within an embedded memory array in accordance with an 
aspect of the present invention is shown. An x-axis depicts depth form a well 
surface and a y-axis depicts dopant concentration. Compared with the p-well 

10 within the logic region, the p-well within the embedded memory has a relatively 

higher concentration and is also substantially shallower. The higher dopant 
concentrations shown in the embedded memory array result in a higher junction 
capacitance for those regions. However, the relatively higher dopant 
concentrations permit tighter spacing within the embedded memory array. 

15 Although the invention has been shown and described with respect to a 

certain aspect or various aspects, it is obvious that equivalent alterations and 
modifications will occur to others skilled in the art upon the reading and 
understanding of this specification and the annexed drawings. In particular 
regard to the various functions performed by the above described components 

20 (assemblies, devices, circuits, etc.), the terms (including a reference to a 

"means") used to describe such components are intended to correspond, unless 
otherwise indicated, to any component which performs the specified function of 
the described component (i.e., that is functionally equivalent), even though not 
structurally equivalent to the disclosed structure which performs the function in 

25 the herein illustrated exemplary embodiments of the invention. In addition, while 

a particular feature of the invention may have been disclosed with respect to only 
one of several aspects of the invention, such feature may be combined with one 
or more other features of the other aspects as may be desired and advantageous 
for any given or particular application. Furthermore, to the extent that the term 
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"includes" is used in either the detailed description or the claims, such term is 
intended to be inclusive in a manner similar to the term "comprising." 
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